Multimedia engineers develop digital content in a wide range of fields that require them to acquire skills in the development of web solutions for those fields. In this study, we evaluated the level of didactic knowledge of mathematics that Multimedia Engineering degree students possess. The aim was to determine whether they are prepared to conceive, design and develop educational multimedia tools for teaching mathematics to primary school children. For this evaluation, the Didactic-Mathematical Knowledge and Elementary Algebraic Reasoning (DMK/EAR) test was carried out on a sample of 50 students in the second year of a Multimedia Engineering Degree. The results were compared with those of teacher training students who receive specific training in mathematics didactics. The study shows that, for most of the variables analysed, the Multimedia student scored better or comparatively equal to the teaching trainee. In conclusion, students of Multimedia Engineering have a solid foundation in the didactics of mathematics, although some deficiencies have been detected in the cognitive dimension and the content in structures, which indicate that they would need to complete their training in these areas.
Introduction
Information and communication technologies (ICT) engineering establishes the basis for solutions that are applied in various fields. Often, the areas to which the technology is directed are of a very different nature to the areas of these technologies. For this reason, this type of engineer is required to have a solid base of transversal skills that help to formalise, design and develop these solutions in different areas. In fact, in the professional field of engineering graduates, the Career Space project [1] was developed with the support of the European Commission. This project provides a set of guidelines and recommendations as a basis for curriculum development, analysing 100 ICT curricula from nine European countries that were followed by various programmes [2, 3] . The project specifies that "ICT graduates need to learn to work in teams and acquire strong personal skills, such as problem-solving abilities, an awareness of the need for lifelong learning, the ability to fully understand the needs of clients and project partners, and an awareness of cultural differences when operating in a global context. Therefore, in the development of a product, the engineer must participate in an interdisciplinary team where managing the common basic concepts and competences is crucial for the success of the project.
In recent years, in parallel with the development of web technologies, we have seen the huge production of ICT tools for educational purposes [4, 5] . ICT professionals and educators often collaborate in the development of these products. On the one hand, the educator directs the pedagogical purpose of the tool, while the engineer adapts this objective to the available technological elements and develops a means of interaction that is accessible to the target audience. From this collaboration emerge synergies that enrich the final product while providing a solid basis for learning [6, 7] .
In this scenario of interdisciplinary work, the communication of ideas from different fields is crucial and is even more effective when the engineer has more educational knowledge and the educator has more technological knowledge. Although the skill profiles that are assumed for the ICT engineer include aspects of transversality and generality that are necessary to start an interdisciplinary work with a guarantee of success, few studies have revealed the didactic profile of ICT engineers in order to check whether their training is sufficient to tackle this type of interdisciplinary work more effectively. Experiences in the field of teacher training have been documented. In the case of mathematics education, several studies show the knowledge and skills needed to achieve effective teaching of students [8] [9] [10] [11] . On the other hand, ICT engineers possess, in their catalogue of competences, knowledge and skills specific to mathematics that allow them to understand, abstract and model solutions in the field of technology, but their competences do not include those linked to the didactics of mathematics.
Several studies have been conducted to measure the level of competence of university students in mathematics didactics [12] [13] [14] . According to Godino et al. [12] , promoting algebraic thinking in primary school students requires implementing specific training actions for teachers. Consequently, in this study, a mathematical reasoning questionnaire was presented with the objective of evaluating the didactic-mathematical knowledge and elementary algebraic reasoning among teachers' students. This questionnaire was applied to 91 students belonging to various Spanish universities.
In accordance with the conclusions of the previous study, the aim of this research was to find out the level of mathematics teaching skills that multimedia engineers possess. An analysis of this type of competence will allow us to understand the starting level that this type of engineer has in order to successfully start an interdisciplinary work with educators to develop web tools focused on the learning of mathematics by primary school students.
Method

Description of the Context and Participants
Multimedia Engineering is a new academic profile that provides training based on the fundamentals of engineering, supported, like other engineering studies, in information and communication technologies, but characterised by the use of multimedia resources as a backbone. It is, therefore, an engineering discipline related to other engineering fields, such as computer science, telecommunications or image and sound. This is a relatively new degree and it is borne from the current needs of a society that is increasingly dependent on new technologies. The degree has a widely interdisciplinary profile, and the professional opportunities for its graduates are very diverse: web applications, mobile applications, video games, animation projects, marketing and advertising, content management (press, radio, television, etc.). Given its cross-cutting nature, its areas of application are also very heterogeneous: business, industry, education, leisure, health, defense, and so on. Specifically, this study was conducted with students studying a Multimedia Engineering degree at the University of Alicante.
In this work, we propose to determine if multimedia students have the appropriate knowledge to develop mathematical teaching tools. Therefore, it is convenient to analyse the mathematical competences developed within the degree. Table 1 shows that, within the degree itself, there are two specific basic skills associated with mathematical knowledge (C1 and C2 in Table 1 ). These competences are directly developed in the curriculum in the three core first year subjects (see Table 2 ). Table 1 . Core competences of students studying a Multimedia Engineering degree at the University of Alicante.
Identifier Competence
C1
Solving mathematical problems that may arise in multimedia engineering by applying knowledge of algebra, geometry, differential and integral calculus, numerical methods, statistics and optimisation.
C2
Understanding and mastering the basic concepts of discrete mathematics, logic and its application to the automatic processing of information by means of computer systems and to the resolution of problems typical of engineering.
C3
Knowledge and understanding of the basics of computer use and programming, algorithmic and computational complexity.
C4
Knowledge and understanding of the structure, operation and interconnection of multimedia computer systems.
C5
Understanding and mastering the basic fundamentals of physics and its application to computing and signal processing for the resolution of problems typical of multimedia engineering.
C6
Knowledge and understanding of the concept of the company, its institutional and legal framework, as well as its organisation and management.
C7
Knowledge of the fundamentals of graphic expression and design, applying them to multimedia contents and developing the capacity for spatial vision.
C8
Knowledge and understanding of the concept of multimedia, the characteristics of multimedia language, the technologies involved, the organisation and management of multimedia systems and the socio-cultural impact on the information and knowledge society. It should be noted that most students admitted to the degree had previously studied five mathematics subjects in high school (one each year).
The study was carried out on a sample of students from the Multimedia Engineering degree at the University of Alicante, specifically with second year students for the 2017/2018 academic year. The sample consisted of 50 students with a gender distribution of 84% men and 16% women.
Instruments
The test used in this research was the Didactic-Mathematical Knowledge and Elementary Algebraic Reasoning test (DMK/EAR) proposed in [12] . This test is based on the elementary algebraic reasoning model (EAR) [10] and on the didactic-mathematical knowledge model (DMK) previously proposed by the same author [15] . This instrument applies two types of theoretical tools: those related to the conceptualisation of elementary algebraic reasoning and those related to the model of didactic-mathematical knowledge.
This instrument provides information about two dimensions. On one hand, the algebraic content dimension has three categories: the "CEST" structure dimension, which establishes equivalence relationships; the "CFUN" function dimension, which represents the use of arithmetic patterns, geometric patterns, functions, etc., and the "CMOD" modelling category, which deals with context problems solved by the equation or relationship approach. On the other hand, the dimension of didactic content presents four categories: the epistemic component "DEPI" that deals with the recognition of algebraic objects and processes; the cognitive component "DCOG" that represents personal meanings of the students on elementary algebra and learning conflicts; the instructional component "DINS" that deals with the resources for teaching algebra and its adaptation to the school curriculum and, finally, the algebraic component "DALG" that includes the process of the interpretation of algebraic expressions and modelling.
The instrument consists of 10 questions comprising various types of mathematical problems, with several sections asking for both the solution to the problem and the primary school students' interpretation of the same statement and its response options, as well as proposals for improving or reinterpreting the questions. For the correction of each question, three levels of response are established: correct (2 points), partially correct (1 point) and incorrect (0 points). In each question and section, different categories and dimensions are evaluated, according to Table 3 . In the results section, the level of each normalised variable in the (0-100) range is presented. The instrument was applied in a classroom during teaching hours and was administered for a maximum time of 2 h.
Procedure
The DMK/EAR test was applied to a sample of 50 Multimedia Engineering degree students and was statistically compared with the results obtained from the sample of 91 Teacher Training Degree students cited in the Godino study [12] . The statistical procedure was done by comparing the test scores of both groups, using the t statistic. The SPSS v.24 package was used to perform the statistical tests.
Results
The results obtained for each of the variables treated are shown below. The descriptions of the tests are shown in Table 4 . Table 5 shows the results of the t test for each of the variables of the didactic profile. Firstly, with respect to the didactic profile, the students of Multimedia Engineering scored significantly above the Teaching students in the algebraic (+18.3 points on a scale of 100) and epistemic (+9.4 points) facets, scoring significantly below the average of the students of Teaching in the cognitive facet (−8.9 points).
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In the instructional facet, the Multimedia student scored slightly above the Teaching student (+4.0 points), however, statistical analysis showed that the difference could be due to chance. Figure 1 shows the scores obtained by both groups of students. Firstly, with respect to the didactic profile, the students of Multimedia Engineering scored significantly above the Teaching students in the algebraic (+18.3 points on a scale of 100) and epistemic (+9.4 points) facets, scoring significantly below the average of the students of Teaching in the cognitive facet (−8.9 points).
In the instructional facet, the Multimedia student scored slightly above the Teaching student (+4.0 points), however, statistical analysis showed that the difference could be due to chance. Figure  1 shows the scores obtained by both groups of students. Table 6 shows the results of the t test for each of the variables of the algebraic profile. Table 6 shows the results of the t test for each of the variables of the algebraic profile. Regarding the algebraic profile, the Multimedia Engineering students scored significantly better in functions (+22.8 points out of 100) but obtained significantly lower results than the Teaching students in structures (−8.2 points out of 100). Regarding the last variable of this profile, modelling, the Multimedia student scored slightly higher than the Teaching student (+3.8 points over 100), but this difference was not statistically significant. Figure 2 shows the scores obtained by both groups of students.
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Regarding the algebraic profile, the Multimedia Engineering students scored significantly better in functions (+22.8 points out of 100) but obtained significantly lower results than the Teaching students in structures (−8.2 points out of 100). Regarding the last variable of this profile, modelling, the Multimedia student scored slightly higher than the Teaching student (+3.8 points over 100), but this difference was not statistically significant. Figure 2 shows the scores obtained by both groups of students. 
Discussion and Conclusions
Multimedia Engineering is a type of ICT engineering that prepares professionals to develop all kinds of digital content. It is a professional discipline that bases its success on the collaborative and interdisciplinary work that provide more usefulness to the developed tool; such is the case with the design of educational digital applications, where ICT engineers and educators collaborate closely with the aim of providing students with tools that make their learning easier. Although the skills profile of the ICT engineer is transversal enough to successfully address an interdisciplinary work, few studies have allowed us to know their didactic profile of mathematics in order to check if their training is enough to design digital content for mathematics teaching.
Part of the success in the development of a web application for teaching mathematics lies in the didactic knowledge of mathematics that these engineers possess. However, while the level of competence in didactics of mathematics has been evaluated for teacher training students in Spain, thanks to studies such as Godino's [12] , a lack of this type of evaluation is observed in the field of ICT degrees, which does not allow us to know a priori what the level of knowledge of the engineers in this discipline is.
In this research, the level of competences in didactics of mathematics that Multimedia Engineering students possess has been evaluated using the DMK/EAR test. Analysis of this type of competence has allowed us to understand the level of knowledge that this type of student has in order to successfully start an interdisciplinary work with educators. Although it seems clear that the specific competences in mathematics of Multimedia Engineering students have been sufficiently 
In this research, the level of competences in didactics of mathematics that Multimedia Engineering students possess has been evaluated using the DMK/EAR test. Analysis of this type of competence has allowed us to understand the level of knowledge that this type of student has in order to successfully start an interdisciplinary work with educators. Although it seems clear that the specific competences in mathematics of Multimedia Engineering students have been sufficiently considered at the different educational levels, this study has focused on determining whether these can be transferred into didactic competences in mathematics, which are necessary for the creation of adequate pedagogical tools.
As a conclusion to this study, we can say that, in general, students of Multimedia Engineering have a solid base in terms of didactics of mathematics, since they were placed in levels equal or higher than students of Teaching who have received specific training in this regard. On the other hand, deficiencies have been detected in two of the seven variables analysed-cognitive didactics and content in structures-which indicate that they would need to complete their training in these areas.
One of the future lines of work of this research, once the didactic capacity of Multimedia Engineering students in the design of mathematical activities for children has been shown, is to put this design capacity into practice and measure the impact it has on the learning process of children. To this end, during this academic year, students in this discipline will design their own mathematical learning tools for children. Later, these web applications will be used by primary school children. The results of this future research will assess whether these applications increase children's mathematical performance and whether they do so to a greater or lesser extent than other strategies carried out by teachers themselves.
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